Introduction {#sec1-1}
============

Cigarette and waterpipe smoking is a worldwide problem, especially in the Middle-East and Southeast Asia. The increasing tendency to waterpipe smoking expressly among youths and women basically originates from public believe about lesser harmful damage of waterpipe smoking on health status in comparing to cigarette.

It has been established that the genotoxic abnormalities of buccal mucosa in cigarette and waterpipe smokers is more than nonsmokers.\[[@ref1][@ref2]\] The genotoxic effects have been reported to be associated with nucleus abnormalities.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Spite recognized genotoxic effect\[[@ref6][@ref7]\] evidence on cytotoxic effect of cigarette and waterpipe smoking is very limited and controversial.

In a biologic process of cell death, all cellular functions terminate. The event completes by nuclear changes that are indicative of apoptosis.\[[@ref8]\] Evaluating the frequency of pyknosis, karyorrhexis and karyolysis in a given cytotoxic exposure, cellular death could be assessed. Assessing the cytogenetic damage of buccal mucosa cells is a simple biomonitoring evaluation for demonstrating the biologic effects on tissues and estimation the risk of cancer.\[[@ref9]\]

Study on the health-related effects of different forms of smoking is an important stride in appraising the users about harmful effects of their habits. The aim was to compare the cytotoxic effect of cigarette and waterpipe smoking on human buccal mucosa. This is the first study in comparison the cytotoxic effect of cigarette and waterpipe smoking on human buccal mucosa cells.

Methods {#sec1-2}
=======

The study was case--control. The study was taken the approval number, IR. Shahed. Rec. 1394.301 from the Ethical Committee on Biological Researches of Shahed University.

25 participants who were cigarette smokers, 25 waterpipe smokers, and 25 healthy controls (persons who never smoked waterpipe and cigarette) were entered the study.

Matching the case and control groups, all participants were selected from Iranian male between 25- and 50-years-old. The participants in waterpipe smokers group were selected from a local Water Pipe Café in Tehran, Iran. Omitting the hormonal impact on buccal mucosa, females have not been entered the study in both cases and control groups. The persons who have been exposed to radiography beam in recent 6 months, consumed drugs and suffered from systemic disease were excluded from all groups.

In waterpipe smokers group, participants have been selected from the smokers who had never smoked cigarettes or smoked utmost 100 cigarettes in whole their life.\[[@ref2]\]

A signed inform consent were taken from all participates. The data were entered a coded registration form and participants were identified by received codes. Exfoliated buccal mucosa cells were obtained by scraping the mucosa. Applying gently pressure, buccal cells were removed by rubbing a wooden spatula over the inner part of cheek. Scarped buccal cells were spread on clean glass slides and fixed in Carnoy\'s fixative (methanol and glacial acetic acid in a ratio of 3:1) for 30--35 min. After drying at room temperature, Feulgen reaction used for staining.\[[@ref1]\]

Feulgen staining completed using modified method of Thomas *et al*. as follows: dipping the slides in 1 N HCl at 60°C for 10 min, rinsing in distilled water for 3 min, immersing in Schiff\'s reagent for 90 min, immersing in normal saline for 10 min, immersing in 0.5% sodium metabisulfite solution for 3 times, rinsing with tap water, staining with 1% light green for 15 min, rinsing with tap water, and drying and finally mounting.\[[@ref10]\]

The cells with nuclear phenomena of pyknosis, karyorrhexis, and karyolysis were encountered the study. Nuclear abnormalities were calculated in cells with distinctive cellular margin. The overlapped cells were not counted.

Based on Tolbert *et al*. the count of pyknosis, karyorrhexis, and karyolysis were recorded. The structures within cytoplasm with aggregated chromatin, nuclear disintegration, and nuclear dissolution were considered as pyknosis, karyorrhexis, and karyolysis, respectively \[[Figure 1](#F1){ref-type="fig"}\]. The number of counted pyknosis, karyorrhexis, and karyolysis in 1000 cells/subject was determined.\[[@ref11]\] The counts were completed with optic microscope (ZEISS, Germany) under × 1000 (×10 ocular and ×100 objective lenses) magnification in the form of double blind.

![Nuclear abnormalities in human buccal mucosa cells: Pyknosis (a), karyorrhexis, (b) and karyolysis (c) (Feulgen staining, ×400)](IJPVM-8-98-g001){#F1}

Exposure to cigarette and waterpipe smoking was considered by the number of pack × years (*P* × Y).\[[@ref1]\]

Statistical analysis {#sec2-1}
--------------------

The data were analyzed by a one-way ANOVA, and the comparison of means carried out with Duncan\'s multiple range test at the *P* ≤ 0.01 probability level to determine the significant differences, using SPSS statistical software package (version 22; IBM, Chicago, IL, USA). The data in this research were presented as the mean value ± standard error of mean (SEM).

Results {#sec1-3}
=======

The average age of cigarette smokers, waterpipe smokers, and healthy controls were 44, 28, and 37 years, respectively. The average duration of cigarette and waterpipe smoking was 20 and 4 years, respectively. The mean ± SEM of P × Y in cigarette and waterpipe smokers were 5704.7 ± 730.9 and 292.6 ± 53.4, respectively.

The mean number of pyknosis in nonsmokers, cigarette, and waterpipe smokers were 0.17 ± 0.08, 3.64 ± 3.13, and 2.44 ± 1.51, respectively. The mean number of karyorrhexis in nonsmokers, cigarette, and waterpipe smokers was 0.96 ± 0.15, 5.08 ± 3.32, and 4.76 ± 2.83, respectively. The mean number of karyolysis in nonsmokers, cigarette, and waterpipe smokers was 1.21 ± 0.19, 9.24 ± 5.81, and 4.24 ± 2.24, respectively.

The ANOVA results revealed a high significant difference among the three groups in terms of karyolysis, karyorrhexis and pyknosis (*P* ≤ 0. 01). The comparison of means using Duncan\'s multiple range test indicated that there were significant differences among the groups in terms of karyolysis and pyknosis while there were no significant differences among the cigarette smokers group and waterpipe smokers group in terms of karyorrhexis \[[Figure 2](#F2){ref-type="fig"}\]. The mean and SEM of groups based on *P* × Y were shown in [Table 1](#T1){ref-type="table"}.

![Comparison of the karyolysis (A), karyorrhexis, (B) and pyknosis (C) of the three studied groups using Duncan\'s multiple range test (*P* ≤ 0.01). Different letters indicate significant difference between the values of pair of groups](IJPVM-8-98-g002){#F2}

###### 

The mean and standard error of mean of studied characteristics in nonsmokers, cigarette smokers and waterpipe smokers based on pack per years

![](IJPVM-8-98-g003)

The cytotoxicity effect of cigarette smoking was not significantly correlated to time exposure (*r* = 0.099, *P* = 0.637). The cytotoxicity effect of waterpipe smoking was significantly correlated to time exposure (*r* = −370, *P* = 0.044).

Discussion {#sec1-4}
==========

The cytotoxic effect of cigarette and waterpipe smoking on buccal mucosa cells was significantly higher than nonsmokers. The effect of cigarette smoking on cellular death was higher than waterpipe. The cytotoxicity effect of cigarette smoking was not correlated to time exposure. The cytotoxic effect of waterpipe smoking was dose dependent.

The findings of present study on cellular death of human buccal mucosa in cigarette and water pipe smokers are compatible with the previous studies on areca nut, chewed-tobacco, and snuff.\[[@ref7][@ref11]\]

The cytotoxic effect of cigarette smoke on alveolar and nasal epithelial cells has been shown in the previous studies.\[[@ref12][@ref13]\] These findings are compatible with the results of this study on buccal mucosa. No previous study was found on cytotoxic effect of waterpipe smoking.

The mutagenic agents stimulate cellular death to eliminating genotoxic damaged cells. Pyknosis, karyorrhexis, and karyolysis originate after cytotoxicity-induced cellular necrosis. Necrosis indicates the cytotoxicity of cells from cell proliferation to epithelial carcinoma.\[[@ref11]\] Apoptosis is another form of cellular death that controls by natural genetic and physiologic process of tissues. Exposing to mutagenic agents stimulate the apoptosis. In this circumstances, apoptosis acts as a mechanism for removing the damaged cells. Pyknosis and karyorrhexis (without karyolysis) are cellular evidence of apoptosis.\[[@ref14]\]

The present study showed that the frequency of pyknosis, karyorrhexis, and karyolysis in cigarette smokers, and waterpipe users were significantly higher than nonsmokers. This suggests the cytotoxic effect of both cigarette and waterpipe on epithelial cells. However, the average count of karyolysis in cigarette smokers was significantly higher than waterpipe smokers. This finding suggests the higher necrotic effect of cigarette than waterpipe. This finding is compatible with more incidence of cellular alternation toward cancer development.\[[@ref8]\]

It has been shown that the individual responses to cytotoxicity of cigarette smoke are independent to age and smoking habits.\[[@ref15]\] In the present study, the age range of participants was from 25 to 50 years. All selected participants were Iranian male. The sampling method decreased any possible biases in obtained results.

The study shows that the effect of cigarette smoking on cellular death was not dose dependent. Conversely, the correlation between cell death and time exposure to waterpipe smoke was dose dependent. The cytotoxic effect of cigarette smoke contributes to the presence of cytotoxic agents in the gas and particulate phases of cigarette smoke. The HCN and acrolein are specific cytotoxic agents in gas phase of cigarette smoke. The semi-volatile acidic and neutral fractions are cytotoxic agents in particulate phase of cigarette smoke.\[[@ref16][@ref17]\] Several chemicals including nicotine, tar, CO, phenanthrene, and fluoranthene produce after water pipe smoking.\[[@ref18]\] It has been shown that CO exposure and carboxyhemoglobin production after waterpipe smoking are many times more than the cigarette smoke.\[[@ref19][@ref20]\]

Besides the chemicals, cigarette and waterpipe using methods and the amount of produced heat are different. Puffing characteristics comprising volume, duration, and frequency of each puff are different between cigarette and waterpipe smoking. Waterpipe smoking session is longer than cigarette almost 1/2 h or more. One session of waterpipe smoking is equivalent to smoking of 10 cigarettes.\[[@ref21]\] The waterpipe or hookah user inhales water-filtered smoke water decreasing the temperature of smoke. Heated tobacco in lower temperature reduces the cytotoxicity of smoke more than burning temperature. The reduction is higher in particulate phase than in gas phase.\[[@ref22][@ref23]\] The results of present study are in agreement to mentioned results.

Based on the findings of the present study, both cigarette and waterpipe have cytotoxic effect on epithelial cells. The cytotoxic effect of waterpipe smoking relates to exposing time. Increasing the number of waterpipe smoking can potentially increasing cytotoxic effect. The average usage of waterpipe is at most once in a day, however, daily usage of cigarettes are several numbers more. Based on results, waterpipe smoking is not safer than cigarette and increasing the number of waterpipe smoking can potentially increasing cytotoxic effect.

A general accepted protocol for studying the impact of dose and duration of waterpipe smoking on cell cytotoxicity is not create yet. This issue causes difficulties on comparing cigarette and waterpipe smoking with each other in obtained results from cytotoxic and genotoxic studies. Further researches need for obtaining additional results.

Conclusions {#sec1-5}
===========

The cigarette and waterpipe smoking had cytotoxic effect on buccal mucosa cells. The effect of cigarette smoking on cellular death was higher than waterpipe. The cytotoxic effect of waterpipe smoking was dose-dependent. Increasing the number of waterpipe smoking can potentially increasing cytotoxic effect. The cytotoxicity effect of cigarette smoking was not correlated to exposing time and in any amount had cytotoxic effect.
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